Objective: Given that recent reports have suggested left atrial disease to be an independent risk factor for ischemic stroke, we sought to examine if advanced interatrial block (aIAB) is an independent stroke risk factor.
Advanced interatrial block (aIAB) exists when a delay of conduction occurs over the Bachmann bundle and the left atrium is depolarized by retrograde activation via muscle connections near the coronary sinus. 1 These abnormal properties often are observed among persons with risk factors for myocardial fibrosis and abnormal cardiac remodeling, suggesting that aIAB represents underlying left atrial disease.
Recent reports have suggested that ECG-detected left atrial abnormality, as measured by P-wave terminal force in lead V 1 (PTFV 1 ), is associated with an increased risk for ischemic stroke. [2] [3] [4] This association was limited to nonlacunar infarcts and remained after accounting for incident atrial fibrillation (AF). 4 These data suggest that left atrial disease possibly results in thromboembolism independent of diagnosed AF and that left atrial disease is an independent stroke risk factor. 5 Given that abnormally increased PTFV 1 and aIAB represent similar underlying pathologic changes in the left atrium, it is plausible that aIAB also represents a risk factor for ischemic stroke. Therefore, the purpose of this study was to examine the association between aIAB and incident ischemic stroke in the Atherosclerosis Risk in Communities Study (ARIC).
METHODS Study design and population. A total of 15,792 community-dwelling men and women between 45 and 64 years of age were prospectively enrolled in ARIC from 4 field centers across the United States (Washington County, Maryland; Forsyth County, North Carolina; Jackson, Mississippi; suburban Minneapolis, Minnesota). Participants were recruited between 1987 and 1989 and returned for 4 follow-up examinations (1990-1992, 1993-1995, 1996-1998, and 2011-2013) . Semiannual telephone calls are used to follow ARIC participants and ascertain study endpoints. Study endpoints are further ascertained from hospital discharge records.
Participants with prevalent stroke or AF at baseline were excluded from this analysis. Additionally, the few ARIC participants with race other than black or white were excluded, as were the small number of black participants from Washington County and Minneapolis.
Standard protocol approvals, registrations, and patient consents. This study was approved by the institutional review boards at Wake Forest University and each participating center. All participants provided written informed consent at the time of study enrollment.
Advanced interatrial block. Digital 12-lead ECGs were obtained at baseline and at subsequent study visits using MAC PC ECG machines (Marquette Electronics, Milwaukee, WI). All ECGs were transmitted electronically and inspected for technical errors at the Epidemiology Coordinating and Research Centre at the University of Alberta (Edmonton, Canada) during the initial phases of the study and at the Epidemiological Cardiology Research Center at the Wake Forest School of Medicine (Winston-Salem, NC) during later phases. aIAB was identified on the 12-lead ECG as the presence of P-wave duration $120 ms and biphasic (positive negative) morphology in leads II, III, and aVF or biphasic (positive negative) morphology in leads III and aVF and notched P (positive positive) in lead II. 1 Cases of aIAB were identified using baseline ECG data and also using ECGs from the first 3 follow-up study visits (1990-1992, 1993-1995, and 1996-1998 ).
Ischemic stroke. Our outcome of interest was definite and probable ischemic stroke. The ascertainment of stroke events in ARIC has been described previously. 6 Potential cases were first identified during semiannual telephone calls and review of hospitalization records. Medical records were then reviewed and abstracted by a single trained nurse at a central location (University of Minnesota). Based on these records, the date and type of stroke was classified by a software algorithm that applied validated criteria from the National Survey of Stroke by the National Institute of Neurologic Disorders and Stroke. 7 Strokes were subsequently classified as hemorrhagic, cardioembolic, or thrombotic. Each medical record was independently reviewed by a physician investigator and separately determined if a stroke occurred and classified each event as hemorrhagic or ischemic. Cases of disagreement between the software program and the independent physician investigator were adjudicated by a second physician.
Atrial fibrillation. Due to the potential for AF to explain the association between aIAB and ischemic stroke, we examined the association between both conditions with adjustment for incident AF as a time-dependent covariate. AF cases were identified from study ECGs, review of hospital discharge records, and death certificates. 8 AF cases automatically detected during the study ECGs were visually confirmed by a cardiologist. 9 Hospitalization data during follow-up were obtained from annual follow-up calls and local hospital surveillance. Additionally, hospital discharge diagnosis codes were collected by trained abstractors during follow-up and AF events were defined by ICD-9 codes 427.31 or 427.32. AF events that were detected during hospitalizations for cardiac surgery were not included as these cases were considered to be transient. 10 Baseline characteristics. Age, sex, and race were self-reported.
Smoking was defined as the current or former use of cigarettes. Diabetes was defined as at least one of the following: fasting glucose level $126 mg/dL, nonfasting glucose level $200 mg/dL, self-reported physician diagnosis of diabetes, or the use of diabetes medications. Three systolic blood pressure measurements in the upright position after 5 minutes of rest were obtained from each participant using sphygmomanometers. The average of the last 2 blood pressure measurements was used as the final reading. Antihypertensive medication use was self-reported. Body mass index was defined as the weight in kilograms divided by the square of the height in meters. Low-density lipoprotein cholesterol levels were computed indirectly using cholesterol values assayed from serum samples. Heart failure was defined as present if participants reported taking heart failure medications or if participants met all 3 of the Gothenburg criteria. 11 Coronary heart disease was defined by a self-reported history of physiciandiagnosed myocardial infarction, coronary artery bypass surgery, coronary angioplasty, or ECG evidence of myocardial infarction.
Statistical analysis. Baseline characteristics were examined by the presence of aIAB (prevalent and incident cases). Categorical variables were reported as frequency and percentage while continuous variables were recorded as mean 6 SD. The x 2 method was used to compare differences for categorical variables and the Student t test was used for continuous variables. Follow-up time was defined as time between aIAB detection until ischemic stroke, death, loss to follow-up, or end of follow-up (December 31, 2010). For those with incident aIAB, the time between the baseline visit and aIAB diagnosis was considered as non-aIAB follow-up. Kaplan-Meier estimates were used to examine the cumulative incidence of ischemic stroke by the presence of aIAB as a time-dependent variable. Cox regression was used to compute hazard ratios (HR) and 95% confidence intervals (CI) for the association between aIAB and ischemic stroke. Multivariable models were constructed as follows: model 1 adjusted for age, sex, and race; model 2 adjusted for model 1 covariates plus smoking, systolic blood pressure, diabetes, body mass index, low-density lipoprotein cholesterol, antihypertensive medication use, coronary heart disease, and heart failure; model 3 adjusted for model 2 covariates plus incident AF. The covariates included in the multivariable models were from the initial study visit, with the exception of time-dependent incident aIAB and incident AF. Subgroup analyses were performed by age (dichotomized by the median age for study participants), sex, and race. Due to the known association between left atrial abnormality and ischemic stroke in ARIC, 4 a sensitivity analysis was performed with adjustment for PTFV 1 to determine if both markers independently predict stroke. Additionally, since clinically apparent AF is often not detected during acute stroke events, 12 we included a separate analysis with adjustment for incident AF as a time-fixed covariate (i.e., incident cases of AF were modeled as having been present since baseline). Statistical significance was defined as p , 0.05. SAS version 9.4 (Cary, NC) was used for all analyses.
RESULTS A total of 14,716 (mean age 54 6 5.8 years; 55% female; 26% black) participants were included in the final analytical sample. There were 266 (1.8%) participants who had ECG evidence of aIAB. Of these, 70 were detected at the baseline examination and 196 were detected during the first 3 follow-up visits. Baseline characteristics stratified by the presence of aIAB are shown in table 1.
Over a median follow-up of 22 years, 916 (6.2%) ischemic stroke events were detected. The incidence rate (per 1,000 person-years) of ischemic stroke was higher among those with aIAB (incidence rate 8.05, 95% CI 5.7, 11.4) compared with those without aIAB (incidence rate 3.14, 95% CI 2.94, 3.35).
The cumulative incidence curves for ischemic stroke are shown in the figure (log-rank p , 0.0001) . In a multivariable Cox regression model adjusting for stroke risk factors and potential confounders, the association between aIAB and ischemic stroke was statistically significant (table 2) .
A total of 1,711 (12%) incident AF events were detected during the study period. Adjustment for incident AF as a time-dependent variable did not materially alter the relationship between aIAB and ischemic stroke (table 2). The association between aIAB and ischemic stroke also was not materially altered after further adjustment for PTFV 1 (HR 1.54, 95% CI 1.07, 2.22) or AF as a time-fixed covariate (HR 1.53, 95% CI 1.06, 2.20). Additionally, no interactions were observed when the analysis was stratified by age, sex, or race (table 3) . DISCUSSION In this analysis from ARIC, aIAB, a marker of atrial fibrosis and abnormal cardiac remodeling of the left atrium, was independently associated with an increased risk for ischemic stroke. The association between aIAB and ischemic stroke remained statistically significant after adjustment for established stroke risk factors. In aggregate, our findings strengthen the argument that left atrial disease should be considered an independent stroke risk factor.
Reports have recently shown that PTFV 1 , a marker of left atrial abnormality, independently predicts ischemic stroke. [2] [3] [4] Other reports also have implicated premature atrial contractions as potential risk factors for stroke. 13, 14 Both PTFV 1 and premature atrial contractions predict stroke independent of diagnosed AF. 4, 14 Our results add strength to the argument that left atrial thromboembolism is able to occur independent of AF and extend this hypothesis to include aIAB. Although participants with aIAB and other markers of left atrial disease possibly develop subclinical AF, this report and the aforementioned studies show that an increased risk of stroke exists with these ECG findings. In this framework in which left atrial disease is associated with an increased stroke risk, anticoagulation strategies potentially are beneficial to reduce the morbidity and mortality associated with stroke. However, the findings of this analysis were unable to determine which participants with aIAB will benefit from such therapies and further studies are needed to explore the value of anticoagulation in persons with aIAB and other markers of left atrial disease before changes in clinical practice are recommended.
The pathophysiologic link between aIAB and ischemic stroke remains unclear. Patients with aIAB have been shown to have reduced left atrial contractility, leading to reductions in left atrial stroke volume and kinetic energy. 15 The resultant dysfunctional left Coronary heart disease, n (%) 33 (12) 671 (4.6) ,0.0001
Heart failure, n (%) 27 (10) 643 (4.5) ,0.0001
Abbreviations: aIAB 5 advanced interatrial block; LDL 5 low-density lipoprotein. a Statistical significance for categorical data was tested using the x 2 procedure and continuous data was tested using Student t test.
Figure
Cumulative incidence of ischemic stroke by advanced interatrial block (aIAB)
Cumulative incidence curves are statistically different (log-rank p , 0.0001).
atrium possibly leads to atrial thromboembolism. This is supported by a small chart review of 61 patients with embolic stroke which showed that nearly 80% of these patients had evidence of prolonged P-wave duration ($110 ms). 16 The abnormal conduction of aIAB also predisposes to the development of arrhythmias by modifying atrial refractory periods, 17 leading to premature beats that possibly serve as inciting events for supraventricular arrhythmias. Due to recent reports that have shown an association between atrial ectopy and ischemic stroke, 13, 14 it is plausible that aIAB serves as the necessary substrate for atrial ectopy to lead to stroke. Additionally, aIAB has been associated with AF and it is possible that AF serves as an intermediate event between aIAB and stroke. 18, 19 However, the relationship between aIAB and stroke was not attenuated by incident AF events in this analysis. Nonetheless, it is possible that subclinical AF cases developed that were not detected. Combined with evidence that suggests left atrial thrombosis is possible with aIAB, 15 subsequent arrhythmic events may lead to arterial embolism. Furthermore, persons with aIAB were more likely to have well-known stroke risk factors (e.g., diabetes, hypertension, heart failure) that possibly increased their risk of developing stroke. Although we offer several mechanisms that explain the observed findings, further research is needed to determine the underlying mechanism that links aIAB with stroke.
The current study should be interpreted in the context of certain limitations. Several baseline characteristics were self-reported (e.g., smoking) and subjected our analysis to recall bias. Additionally, we attempted to determine if AF events attenuated the relationship between aIAB and stroke. However, paroxysmal AF cases potentially were missed due to the time-dependent nature of this condition, resulting in limited power to detect significant attenuation. Furthermore, although we included several covariates in our multivariable models that likely influenced the development of ischemic stroke, in methods similar to other epidemiologic studies, we acknowledge that residual confounding remains a possibility.
In this report, we found that aIAB is an independent risk factor for ischemic stroke in ARIC. Our findings strengthen the argument that left atrial disease possibly is an independent risk factor for stroke in which anticoagulation therapies are beneficial. Further studies are needed to explore the potential benefit of oral anticoagulation in persons with aIAB and other markers of left atrial disease detected on the routine 12-lead ECG.
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